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leewaMar o ^^oolol earn eudooe* nMefe le ef eitlof tolKmvt 
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mas., its. 

As osifial &i s asAfifted fUtsv mmt'me is ilM cofeo* 
ssrxsie^isn sf lapkt sifssl wemf^m itssif^ 

dess net pmmmxro tbs am&» ef ss^ifsd sigtad* Soi gmmmXlst* 
in asst s^iisfttims ef mt#tsd (l^) » tbs foriseiqr poiat of 

iatsxs«^ is eelj %e bsffzevs ear sbiUisr to *sss* or sooefoiso o 
Folm^ sisBolf in tbs fsssooo» of in idil^ ooss saiatsiniBf 

^0 fidoiitjr ef tbs siiEOoi st tbs ootpot is of siMMisl iiisifiOinss. 
Bomrvsrr tboss szs isotwoess for sinnpis in ffM spstssof iq^isd to 
tassOtiiig rsdszs, sbessin iwdss dstsotioo is asxs Olsasip ssistsd to 
BoiBtKtniiis tbs ibti^ of tbs iapot mi^cnH mmtnm st liis ontpot 
sotbss ^isn lost soiiteislniF ^ sLfnid to minm xstio* Ib WMb imsm» 
10s tsibnifit** OSS diffsrsst* Qm ef Ibsa is tbs 3Unat 

s^psxs saoe^ln# sad ipsdiotira tlH^zgr of lot boss«Hr» l9ts 

Min point of intoxesty in Ibis maSct in tbs Msiiisstioiao ef siMPid 
to Miss Mtie«. 

t4* »s M Itet^d mtsg^^M s l>solston gostos*- 

@M of tbs Mst iapo^Etsst oj^XImIUm of is in zsdsv 
ssosissrs# 

tbs i]dlit 3 r sf s zoAnr bsssisss ^ dstsst m *sMit” sobs 
siM*3.« is ibsitsi br ^ Miss oMxsjr l&«b ooespiss .tbs mss 
bMtviilb 08 doos tbs iKliosi mmmf* ^ spooifiostiM of 
dstoeta^s sipwl is oemtiMs iiffiosltc boMoas of its sloHstiobl 
MtMs sad sIm bsosass <1^8 ozitsriM fbr bN^iisg o tsiriot 

is paMMit or wg^t >*9’ tot! ^ dotonsisistio. Xo siMb eMmo» Mtsbsi 
filtoxfjbi profidui s bsois for asbiat « rosMoidds dsol^M os to 



thal S4a mmTj m»9 it iPtE is maciMmdf His pzolM^ilii^r of wemx ia 
4tti«etleii «dll lie adxdUHeei* Itaioe ose lies else to xraoxt, to »l»i«te- 
ii^ iStm psoiMiMiilgr of •xmx la ^tooUea la eiiito of aiuclalsetitm of 


*r;Tf. x. v - -i « I’o f 


f liiM 


ioeisioa iM liaat obotbea a »i0a3. is aota&Uf paHHmt or aot» It 


eixndLtOf OOen aot Itoslrolilo* 10. ol«» of tMa fOott l^o |»o^%ility 
of ooooxoMaM of tOi® l^Tpo of og oo od i B g Hwi tfeaosiwli# aoasly 

iMM to to alwIiwIooA* Ctio ooy of 4ola# ■^1» la to tetoft • 

I lasfs «n 0 g^ to fONnwat lot Hisa oooie oiiet 

tu^ o 90 |Aot#Iy ayfewi iWNw^toa iai4 teaeo ’ the .iSio^A to wA 
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a is affoetsi bstsssa f^ilsaoalaxa sal# aadl til# 

«s #all#d '•att## sal#*** fl» W h«B# aipsia ]pw##s t« b# a ##sy 
asafal d#iri## as it mm be ##11 lUMilgBSd t# f xedat# anar i*#isi*i# 
oatiial i>«ak aaplitsd«« faaililatiag a amivsaieal timise #f msvabsM. 

1*5*1* ^els SasissbUi^ sad ^ratimaisi 

*gk» asst dasisebl# aaNited si#uii is tiis mm iliicb ihmm. 
passsd titoe«|ll a Xiasas systam #um# ia^alss sssfsaae is tii# 
mvsrss # f tim sigsaX ItssXf, fXtss al tim #f tb# flXWs, a 

timsp psakt eitii Xs# eXattsr sa sltilsr sldss of tiis pssic* *C!Xaltss* 
ssfsss to amflMor of alass pstiee ssssomidiag tito asia peak* Om 
isionaal fXeatbiXitir 1^ MF tbsosn' psotiLdos for a issigasr is tbat 
b# mm <tiioose sap sigimX to b« a mteimt sipe^ as Xoag as its Xf 
is ’’fbpi^mXij s»sXis8l4«*« iotasXXp tbs pmbXsa of sgrmtilssij^Bg m 
W asp bo appesacdisd im tim mors* Oa# is tbs dixeot i^pxoaib* Xa 
Ibis, IPs is 1»> elioss# a issixabX# sigBoX sad titmi to a^tiississ a 
fiXtoo astObed to tbis sigaal* laothoa is tbs iatiiroot ^^passsb 
tbssoia am bss to oblPUi a gissa fiXtsir* istmeaiao its iapiXso 
ampoaso mid tbso ptodaos tbo tias soooxso aP tbo lapaXso xoopmmo 
iPiab is tbo aatsbod sigiaX itmlf*^ It is b es otag tibs disoot 
Mb tbat is dieoasasd tbros# oat ^is .sozlc* 

1«5*S« Haaqr ttgaidJit 

ft bas boas siPtsd. beJ^»s» tiiPl tbs W oatpal is asibiat 
bal tl«i aaEfN»OMn»Xsii.iai ftestioa of ^o aatsbsi sipuX itsoXf* Wwm 
til# poiat of oio# of ooi^tstloaaX MPO-it io foasA that tbo otaip 
of astosona^stlmb fbas^SMi io aado sMb tatia^o if tbo aatdbid 



sil^anl Mily te Iwwla, mtmly 1 a&4 

•I * Sadi slgiMila ft£« (Sidl«d htnsaejr »i g B>l a« Titere «x» mmy advaao 
tAfes ia ^ixig fo» IMs iypA df slgBRlSt «i «lll be «naHftmtA& 
later* Oeasidorlaf , j^olaca of mplibiio + 1 or • 1 Imtixig a H&ito 
tias ^atioa f « to bo ol«Matai^ o%t»ls, tbo aatobod sifadl lo 
oeoatniete^ oat of a oMber of 'l^oso« foxadi^ obat M knom as 
loim^ of oi^psal. If 01 ^* a sat^ei sdpal baa a Imai^ iff 
( f • tlao tamtimi of oleasatar^r slixalf m • atudor of olmoatary 
ai^petAn) aad a^pllt^o aedalw as OQaal ^ imlty, ^ IBP 
oatpttt idll bo of teS doratlea of tiao aM «L11 baas a oadoaX 
podc abeeo aaplitalo is a tiMO alipaal ai^liiado* fboa «bat 
aaitciiod filtoria^ dooa, is to oonowterato aost of tbs anoxigr, tm* 
Hkm olOBoatai^ aiiraalB fbzaiitj; ^lo aatebod signal • into Ibo eeatxal 
poak sad baaoo fMdlitato dotootl«» ovoa ia pxoa«Mo of iioiao* ^l%ia 
ia oxaetly tbo Maalair of asudaisiz^ sm, 

1*€* 

it sill bo Ib^aii that to obtaia ^o dosirsblo oatpat aanljr 
a bi|^ pmk sidt low olattor on oi-yMr ^io» ^mo abtebod algaol 
baa to lode as *aoiBO liko* as foaaiblo. bp neiao libs « it 
■aaaa that in aignalyths e ocu rrsaoe of 4 1*o sai *1*a bM to 
oi^^«Mur •• aibitraxp aa poaaildo* Wmm atandari oo^dag fsoedbicoa 
sap bo aioftoi to diaoovor tbo tppo of oo^aamooo of * t*o 

aad * 1*a» Hio i^iso liba xotsiswMnt sHdioasd abot«t io soil wA 
^ oignalav adopting sbat art kaess aa fassicnrMddi satPisaaa* ftmm 
mm alao Tamm aa ostbogosal or paodoNBoioo (fV) sotpsasoo asd aro 
diaoiMiad lalor ia gmtAmw datail* losatsr dt.«e« mss otbar «MNia 




^ ^ 


for oxMti^ tx»i»oxthegic;mlg^ Boeo«<Sit«niiiazi eoSoo 

ottt*, vliitili or* fonoSAtolt f»r looser refolriHMisfc, m$ 


9: 
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2* HttaHlAffiHii.. 

B«Jiaitioa af Kf t- 

Xf is son* ]^ 3 r«ieal «&*«« 'l^ca a fUtur ibieb 

«||#1 

itt fifttoMA to ' ' le Iqr mm with or li^olee xospMwe. 

k(f| * h •( 4^. t) (1 ) 

i^z<s ^ «&d ^ me 9 axhi^Buar aosstists* 

fh» trsnofoi? Ihaeti^ of m ISP itdoh io WmHmx tzooisfoso 
of the ii^poloo zoflto»io» hoe the fhzs 

H(| «)« I hir)%*^^AT 

4 ^ 


• I kO(A- t 


+ «» 


J .(T'>.^“^V 


»> 


lAwoe 


T* » jflt - T» 


low, fOorioR txoselhm of 

t-* 


•W i., 


0 d «> * J o(t> o"^ ^ 41 


0 > 


Coo|po3?iBj^ (2) sad ( 5 ) it le foienl that, 

M (I m) • It 0 (-J O*^ a It Q m 


flme, if ^o OBj^toio ead i^of foetor oss aodo oooal t» imit? 

Ii d 

ajr the Oilhitaai’ oeastaato ' and ^ o<|aai to 1 «ii 4 

soipieti'foljrt tN» tan»f<nr IhaetieM of the Xf io the orafloa 
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0 t ^ tvmmt&m of to iMidi It is 

a»t<ftt«4. Eoofto Hf is also a "i^alsgato fllt«x*« 

!0}isxa axs too ^eitoria apon Kfei^ MF analysis aay to 
amdo, topeadix^ vp&n ^o m9 to shioii it is to to pat* ftoy azo 

(1) looa a<pRz» oxitosia 

(2) Pxotatiiistio exritoxia* 

2*2;'l* Xo«i Sqaam OidtoMaf 

ftdU aalalir doalo sitt MXiidLaaties of li( l^oos seatio* 
This oaeitozia is Itaaila^ ia tons of fi»t oaltor aoiso otatistioo 
tnly* fto lUEltoaaties is* ttozofore faidy otsfploz nd 

otxaliittfonaieA* 

a oaooftn * ( t ) is zonivod at tl»« nooinr 
toe poasitilitios aatiati 

(a) X (t) aay o^asiBt ox^usi^^ of vMto aoiao » (t) 
or (t) X (t) aasr eonist of n <t) pioa a si^iaX a (t), magr 

a radar xotan of town nf»itn« as iUntratod ia flgare 3.^ 

ttio peotlUM is to flad out stid^ on of tlio aitita* 
tion is tx»o» ia tin nost "naatli^iooa amaor posoitlo*** fto 
atndL||btt itmrd oolotioa of eoursot is^ to fiaa x (t) titeoagt a 
liaoar fUtor, ia aa^ a awanor tiiat if a(t) la maoat, ttoa 
tiM flltor oatpxt at oa»o tin t - ^ is ooaaldowbly lanor 
if a (t) ia ataoat* Siaeo, fUtwr too tsoa aamMd to 
to linart ita ootpxt y (t) lAll ensiat of a aoiao ooo^nnt 
y (t) dao to a (t) aad if a (t) la ^ant, a 0M®0Moat 

y^ (t) duo to a (t)* Bnoo tin ^t«r itoald to tiwt it 



■akea laBtaatasaeiaB power ia jr. ( ^) *» large as fsseible 
sospsrst to tke smizags power la » (t) at Mae ^ • Jkpszago 
power la n (t) is Isllitsl as the istegralsl power oaisr the aoise 
power spsetzen* 

fh@ oatpst imise power lemity is ^ ^ • 

liiMre 0 ( J ) Ja tte trwesfer Itestiea of ^e ftiter* Hsass 
owtpwt Boise powsr is 

cr« a J (5) 

a 

fhe ifipot signl rpeetma Is s (^Ck^)# s Cj<u) 0 is 

OotpBt sigBsi spsetxim. 7o get Iwok t C ^ ) * one has to 
take an inwerse fmxt9T trmefhm of the ou^ot eigaal speotrm 
oveittated at tine t ^ I ihis will he, 

fhe figure of aezlt P • on wliieh Hxe Ultor iesi^ is haesd is 
(Ssfinsi isi ^t0 rstio, 

iy»«£M* 

" " -a — 

where ^ is ^ assn stoazs walue of ootpat noise, Ihns^ P , 
ihe figure of nesit Is nothing o^or than tins ontpnt signsl to 
Boim ratio, that wo wish to madBieo and Qils is gieen hjr ratio of 
s^pane of (€) to (5)< 


CJ mf 


p » 
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S«iiiHuns ia 

1 1 gC*> 4st 1* < J| iw I* ^ J| f(*) 1* 4m (8) 

Iqr icaplaalag d with t (x) md s (^w) g (x) j|a 

(7), it foXlawB tli«t 

pa JL J W 

2a (8) •({oiaitgr hoHs if wed &BtX^ it f (x) • k (x)« ilxo 
a&ting tli&t 8 !• 1^« ffsexST &f tli« 8igaiki» m «»% 

p , ^ (18) 

'' ^ # 

By vixta# of tbo ftot f (x) • k 8 (x ) , it f»12oira tkit 

» kS* (Jos) (II) 

IntOR fUtcx is aotHkod '^ • (t) » o imxIjhbi xidoA of P is 

# 

oktoliwd* ^osiiBO tko ofoolity lic^o ^iXjr Aoo f (x) • k 8 (x) t 
tke ii«tolt«8 ftl^r sxxixod ot ia (it)t awiMiai ttm whijf tyfo of 
llnoor fiXtoXy owxiiidola8 P 

2»2.2« FxokikiXiotio Oxltoxiat 

It 4hi»aM ko notot ^t olthiai^^ iKiaa ofooxo ositorio 
diximosod akoxo lo o«dt«iXo for aoot of ]i«!Boooo« it i» 

8«aoxalXy i^eofoxikXo t& %m tkot mltoxlo ifeidt is disootXy 
solotod to 1^0 foxfoznmee z»tli)#> of iqrotoss sook os xodox 
ttsd eo]a»ffid.e«Elio&« ia ooo SMy ks iolwiMtod* fks skoos 
■sationsd posfsawkaoo xatiass oxo smaXly fxokokIXistie ia 
Botaxst iavoXsiay psokskiXitios of dotostios of IkXse oXoai of oxi»x 
oto» sad liooo oro tko ^mstitios ^ol szo to k» oft^adwi*'. fHs 
iMds to t3m IkUosiag diawassiim m ^UmmiIsoX ototisMwiX kypotkmiis 



fjrpa I ** ia favoar of idMoi 1^ i« txo* 

•ad '^3rpt^ tX** S«^i4iiif ia fymar &i idi«a 1^ ia txas* 

Hast MW xavaXta la £lila«*«l«aa sad moMBd oaa ia ataataar af 
aigaal.* Z«t %lw p»iwl>ilitl.a8 mi wdcias aaidi amaam 'im danatad 
1^ aai satqpaalivaXjr* fm a aittdlea af axitaxtoa if aa 
ta gdLnialaa ^ avaai^ af m& t X*a* Hw aaazall 
pco%d^lli1^ af aara»ar» t^ea «a mpfalxa ta ta^a Hw a paetoad pza« 
¥d»iliiiaa af aai ft|« 0ar if mw i^ppa af a«XMr ia aaatliaar 
liw aliiaa« t^a aa aigr luwa ta aialaiai ^ avaxifa eeai* Bpi 
abaa aai^wr ilia a prtaxi pieelwBiliiiia mv ^a wwia aza lawwi 
air awa dafiaabla ana aaaaat aatabUi^ ^a taat te alataiaa 
ai-Hsair af ibaaa faaaiiitiaa* ftaa iaaiaiaB ztila ratat ^«a ba baaai 
m mm Mmm ia abaiaai baaia fbr a dm^^oa aala ia 

fiaaa iriaai la baaaa m iba *aaidiM« lHwliboad prlUidida* ^ 
abidi it mn ba iafaexad a mam Mdata abidb aeaid aaat 
j^abibijr pitdd -^a abimraad *fid<i** ^ia aaMw ^tba xalaMam batiRMW 
cMnM aad affaat ia fvebildXiatia la aatwwv Iti^ar a mm* &r afibal 
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is dsflaiiMly kBsm birts sot bete. For ss ossss kao«s «s bt isfialts 
ft xamg 0 9f psesiblft ftffbets @m b« <»iiifttlss4 sf ikicfe sbfmw ssgr b* 
eenesst asd ^ pxsblftei of iotootloa is -to iiad tbi« 

%9BB of tbs st&tiatieal toz»i that a|>ply to b^poi^Bee tostisiT 
o 

«a?s smswmted hsr»* As it is sxpiieit 1^ aowt tmj dseisioB lulo for 
toetia^ tm bFpotbosoo, is ofslssleat to porliti^jlBg m obssrsfttiMi 
spsoo 1 w into too ports sad X^* If aa oNwr^tloa X oeosrs sbiflb 
boleags to X^t to flbooso S^f if X toXoiMp to ibs zoXo 

is to tbooso E^* fbas siisa oi^ts? of tbs ssts X^ or X^, is speoifiodt 
thft xttia is oiHipiotoiy dotaxsiaod booftoss tbo e^er la^t is tbs raaai]i» 
ias psrt of X» m& hmot tills Sbsoloto aoot is to asatioa oaly mss of 
i3am* It is also osstm prsetloo to disffiMS Iqrpotiaooos toots ia tors* 
of <mo siflulo bxpetibookSt 1^* 'Sbm ia toais of 1^* X^ is osllod tibo 
” ftoooftwioo r^iioa* ma& X^ is oallsd tbs *xo|ootlrai zofiosf or aozo 
oosBoniF oftUod tbs *eslti^ xsgi^** If tbs obssrostioa X fidlls ia 
X^n so tbat is rsjsetod iIisb ia fSot is tros, it is ssdd ttet 
sa mtmx of ftxst kiad* bos bom asdof if X falls ia X^ idisa is 
tros# it is ssM liist s!i otror of 'asesa^ kiiut* bos bsm asdo. 71^ 
io Ulastrstod ia fimm 8» tbo probability of zoiootiBff tdMa 

W 

it i* tiRw* F^ (X^) is oallsd tbs **looiA» or "oiM" of tiio tost* 

Ibo probability of rsjoetiac ibm it is falaot (X|) is mllod 
Idio *poonr* of tibs toi^jt 

4 oritsrloa tbi^ spfoars ooa«la«daf iot to bsof Its protoMli^ 
of oraor of first klai or typo I Imi ^aa ov ofsal to a pzoooriboi 
oslas mi aiaiaiao tbs paoMbili^ of oasm of oosmd kiad or typo XI 
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to 

A of Htjiiaii and fttmmoM att^^ tliat « XiAaliliood 

mtio 'lost alll 1^0 oxitoxloa* '^auiy la taxaut of aai 

tM.a aamasls to aiwlalatiig (ia xadax, aaxlBiaatioa of 
pxotAbility of Aotootloa) fox a gtrea pxe^ozBliMd oaloo of 
(falao alaxB pzobabilitjr). IMs is alae oailod as the llojnaa*^oaxooa 
oritoxion* 

%ael: is i^poxtioit to aotioe is that oa ij^Laid. iaaisraia ail 

8 

tboae oidteiia load to tto amm foiiszie fox® of toot# ia wo- 
tioiisd hofozot tf (l0 f® th* pxohabllily daasitj fbaetioa 

w 

that if H is txos tha ehaoxosd vaoofsxa ^t) oooM ham 
o 

arlacaf aad is tho pxohahility dmsity lhaotioa if 

H ia faim or if S. ia tw», * (t) oooid haao wriaaa. thwi 
0 * 

tho too fosaihilitios giom iSk« tost' axo, 

i# xojoet (or aompt R^) if F^(X)/F^(30 > X 

aoiaspt if Fjj {A'} ^ 

Ihx a X that is a roiA» aonaogatioe ^ aa^tioad. si^idoa 

X ) ihidt oimalsts of all X for which (X) > X gkmm 

a tost of 8^ mffdxm^ hf Bsodsaxa powsr, imm mmm ®ii '^ts 
of Ssool X)t)# X doponfts WP®® a priori prchahility 

aad easts if thoso srs ioaeoiL (Bayss* tsst). or oa tho pzodA* 
tozalaisd wsiiM of ol (iSTaaa •• PoaaMoa toot)* ftatt is laportaat 
to aotlas is that it is imt a«p«9A«rt «e ^»mrwatioa of * (t)* 

^s tost aawiO' iSt wo are ^ msmbm tho posMhlo eaasoa of 
wo haws ohiorw^ ssmI to dstoxsih*# i8!0'^^®r or aot ■tos o'^mr» 
wf it1, ow ia X tl»as •mm l.ilH^Iy* to haw oooBersA if is 
thm if 8^ is t*BS| if it is, os aoe^ as tms aad if aet ws 
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^ • 1# it 4a tiJa e«w* that is alii«ii la 

W 

mm Wmljr t® have gi'VKt slaa to x (t) . X > 1 ialioatea a 
hiaa ott tha i^urt of Hio obaoxawe to ^ooaa om hj^Hioaia ovor 
amthme* 

%« it la poaaihlo to arxixo at tlio forofor aa^oaiiiaai 
oxtzoasioa fox Kf hx mklag ^ folloaiaf Mno^^ioaat 

1# Bolao, a (%)» is adUli1dxo» gmmUm maA i4dto vith 

opootxal 

w 

2« Sifoalt if sad ii^aa Itxowmttbas tlia kso«a foxo 
• (t • t^), tot^!^ t ^ t f ihoxo tho dolagr t^ <uid aiipul dasa* 
tioa f axt kamaM 

5* Sigaal X (t) is otMtoxvad la rwato ohsoxoafeLm intarval 
iy idtisii laoin^a tlao latoxval opoeifiod ia £• 


!Si»r» Hio l^rvotlioaoa to ho testod axa, 

8^ I * (t) • » (t) t ia iatoxvai I 

I<l I X (t) • a (% • t^) + a (t) , t is aaao iatozxal. I* 

Sot tko px^iMlitSr doBsity of a aaii>lo a (t) of #iito fsaoMiaa 
aoiao Xaatiaf twm a to h, oaa ho oa^xaaa^ aa 

t ^ 

p(a) » It o»f C - J »*(t) it } (il) 

**o a 

nlisxo S^2 is aa taaoal tho doohlo-aadad i^ot»il. dasal^ of aoia#» 
k ia a aonutlislag emstaat of tko distxll4tisB aot ^poairat 
a (%)« Wmmt 
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is slagpljr libs pxolMkblli% dsraiit^ ^ist aoiss iHissfi»x*i s«s mssjbs 

tils fsias 0f X (t) sal tlist is tras. aiailarly if B is fslss 

# # 

»x B^ is tvaSt 

« k s*p {- ^ J (a (t> ^ sd . y )* ^ I (14) 
is tbs pzoAMibillty isasity tbat ^s asiss oaa Mstuw fsss 
a (t) • * (t) • • (i • tg)t If* 1* t*as. 

1*1 (X) mx ks saq?«)ia4 thast 
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»f « 'rf.iafci t ('T) « « ( -f) ^ «» 

warn tom x (t)* ftm, thla ic elMxly to • (t) and 

oftiamn zadax dotaation ayatao talcas follaaiiis fom^ aa 
in rj^ttza 5* 

Die elation (18) laaeda an ei^Xanatloii aa it aajr be 
intax^zated ia tvo diffexMt w^a. Oaa aagr it to aot# tbdl 
X {•T) * *Bd beaea g (T)» ia aat idwatieidSjr atnal to »ixo, 
only la ^ latazrol * f ^ T ^ 6 and hmm Hiia iaatlllad 
tbe lliBita of latogzatieii ta (18)# loaaoex, la oxdoT to zoiaiao 
8 C'T)* a deli^ of t aast ^ iaaoxtad ia g ('f') m is 

also zsooixod by tbe dafialtion of XF# Bat aa this latxodsiMa 
an a^al delay at tbe filter oatimt it aaat tbm a«^lad 

at tiaa (t^ e A ) sal^r %aa aft V# Tbls leads to IF d«too> 

o a 

ties. J0.te3aaativaly y i%J) ooold also be ebtadaed by fa^laaeattas 
ofoation (18) lit»rally» aa foUowat Moltiidy x (t)» ^ Imeaaiag 
wvafbrBt by a atozod zeplioa of tbo ai^asl. memtom a (t)# dielayod 
1^ t^, eoByare Hio forodoet y (t^) • iati^peatod osar tbs obaervatiaa 
li^raalir si^ tbs thxMii^ • fbia loads to oorrslatiaa 
datootioii* 

Die aolatieas xoproseated ia fipi* 1 aad ? em bo sees 
to bo oasaatiailly tbs mam sad -l^o HF of Fly. 5 tn foot aaidLaiaos 
SiB of y (t) at t « t^# fbos tbs tvo eritoxia aaaalQr '^o 
noon sfaars «id gra babl listio oxitozto load to tbo saaa xoaalt 
in aoat of additiso abito ipaaaaiaa aoiao* loeoswr# it aay bo 
wat^tossdi tbo ayoeifloatiea tbat mim akamlA bo additiro ^ 
aot aa xifli ia sooeBd aouMf aa it is |ya tbo fizot# 
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figoss 5C*) a MitBaatiGt sigskl fswKmtor 

ffiftd KF pair. It op^mtae as iblloiwi 

A mti% tflpilse ( at Urn t ^tO)* eisltaa a flltBi? wi^ 
aa laynalaa amai^Baa a (t^)# ta pxaittaB a alfBal a (t). To iSilSy a 
ohlta of oavofexa n (t) (of power Saaalty 1^2) • lo aiied. 

1^0 oeaailae& ei^Kal x (t) ia paasod aaother liaaar ftltar 

8»talt^ to a (t)« I>et jr (t) Iw the otx^^ of ^ ^ tAoIo 




* i* til iis 


■!L« * lA*-®.!"- . 




y (t) - y^ (t) + y^ (t) 


5.t.t. 


y (t) fa Haat j^rliaai of y (t) dne to a (t) aa if it aota& aloaa 
BBd aiailaxiy y. (t) ia Itet eoa^^mmi &m to a (t) only* 

1P‘ 

The r^praiBa of a liaaar filter aitli aa iapajHi reapemw 

^ ( T } • da imat a (t) iot 
4* 

/ Mr) a(t - t) 4r 

■aW 

thaa fe ( t) • a (-t) aa la the praaaat oaaa 

I * ft 

mm 

ThAm fl«a ha aeon to ho aysaatzio ia 't'f aiaeo* 

4«* 

tg (•!) * J* •<-ii a(*t*T) 4 t 

•• m* 

» J ad • T*^ a(-T*) dr* • y, dJ 


» f* * t i' T. 


y (%) any hs^ Ulco taio polao ia Figaro 3 (h) 




of tiitt 9 b3ji« att ^ 0xl|i;ia is. 


e«BBOt T (O) 

w 

my *■!* as th« a^plisatiwi af Sdbisajw’s insfsaiitjr (S ) Iuhi 

alxaady Aasa, it am tw sa<m ttat tbs si^^ hm asm 

fiaits siii^ «34 bsiglit «a& is nst aStasliy m IsfalM* Bat 
bssMHis ^ idipasa. smipsaant sf y (t) bas ts be mats as laaqss as 
BossIMs at S8«s iastaiKl ef tiaWf to be sax» sf tbs 'pmmm* sf ^ 
sigaaXf ^s satpat alBUil ecmpmsat sb^Od lisaSljr be aa lapdae 
imtbss thaa ^ fiaits bsl#ty ^a asses idLttt MF satpal of Flgazs 
I (b)« la iassass flltsa «L1b aa i^palas xmsmm l/s(j 4 >) , 
iastMd sf If is xsfi^laid te sbtaia tbis iapiiss* Bsssbum* tiisa 
^s ea^sit siiii^ se s^OTCTt ssaid tbsa be tbs Is^ttlss 3! s sp«» i s s sf 
tto sassads sf ssassa^T sal iavssss lllt«r ablaii is ao^iaf bat 
seMaXtiaf ia aa iapsias* 

Bat bewessa, this sanst be seed bessaas may liqrsisal 
sifiaal attit bass a tyamxrna a (Jai) abieb ap|tn»aabas ssxs fsr Isa^a 
*f*. Bet it is asastiy the as ssa w ia ssss sf sa iassxss filtsa as 
it bseemss inisfSsdLtSljr iaags as f tsais ts ^ • la fast sa^paEt 
mmymm^ aaatbsxs tbs satp^ siipal. asapoasBi beeawss lbs 
pssBs ia tha sotpat aeiss omyaamA sf iassaas fllt«r sill be 
l^laits ■» tbs Ispit asiss is assaand ts sxisad ssss all IbsiaMM^ss* 

^ fbas't a ssapmidUm tea ts bs sfiBratsd* 'WmA is^ts low^' sat* 
pat mmymmA m ,slss» ts sa iapilse as psmdblsi at ths 

astts ttast ts stt^paraa tbs asias oabnida ^ sdpal laeid aa sffsstlself 


^a ^ ^ “ J •* df » K 


I bedag aipal easagsr, y (t) 


i 


.JL, . « .. jm, 

Wmtmafff aol«« iR^foeiMlea 1 m acfelsiMd Iqr 

l^MM (BlMuncrtMi^ties «f imMzat BBoaoM b^Um acfc may 


i« n»«4y»if i» Hm dm tifukt it mill iAmib algaal la amll 


ompoMi' 1M mimt mi .1mm almiil is Imm mtSmMm to 
Bolm« ia mliiinf iMt • (|al) « 


lemo* a fUtm lamUM ia^ 

H(| «) « 

fliia, m temA oaxiiovt malBlwMt CTt mt 1« %Mst mmyxemSm 

l%a iimtnlmlam ia a iteiam«6^ am 

aai it ia tiba mat pammtar ia im ealaelatim af tta 

|Mix£we«nm af agr^ma miair 2t ia ta ta aotaft* liia 
ala#a pammtaar maarltMa wagr 19biam» ^ maaplat jP ia m 
ia gr (t) t it ia alaa Itet failE aalaa af aatp^ ^ aai it iam aot 
iimai t^imt iiMi ajgmi' aam*itaB* 





21 


thfi lafWb mlgemX pemr $*. 


0a& emxfcxell^d «l idllf Igr 


XtagHtttaliig f, AwtAttm of tko ofmol* * si'vwi l^tal 


signal mm$gr^ hoommo f • S aad p ean W tnall i& ttot 
Oft»ft« 'SfaaBf all tlw iaoimuMi Ijs ratio ^ P ± ^ 01 »taiao 4 » 

is oamoi. W *^^«iiae oat* tta flaad mower tAgmlt is sffsst a »» 


pra^rtioiists is«3»«i»« is Pg* Htssasti'f^jr if aa iasntsss ia rati® 
of p ^ to P i ^ offooMt tsr tammmiae i^ipal iMsolvMfht it Mgr 
bo lafbrfod b mot this is ioo to Uommoo of f^, A Uzgo bandoidtii* 
i«o, a lax«s li^lios «tit liM to bs lores, (^oqiMatlx tt» 
ttMNOit of li^st aolos tidesa ift tbxoa# lasamsi^ W b M i si X t b is 
ailso lorx«v« limrtori, sboo lits iatssfosise aoiss is bsend lialtod» 
iXiito sod of fissi total ipooosp morn. P ^ is *» losenr iopsndMt 
m l^t bosasasy total fosor X^jj^ oiH Sforai ©at osanlar* «m» «ho 
udioto Heoal *bnii* ixBW^peot^'VO of its siXtb 1^ It <Mk be oleai^ 
saoa, tlu^ is tMs osa%oat of all si#Mls, of ofaal eaesgar, that 
«Hio siXt ti» lasiMt bMdlidAlli is tbs aost aaitiiblo si#uA* tbo 
oalaa of X^ is saaUsot is tliia saso# 


fb# l^oioticaiB a (4^) ®®i ( 4 t*))fteMiM oossfid. obrfy 
f rujffl u tiio poiat of tios of "eodia^a aad *MU>Mdlaf"# Al'feoii# ^ 
iaiPBlao at tbs 4af«t to tlio sluiil faBsrstlag lillwr baa all fso^ao^ 
onvoaMiatSt Xboi* aaplitados aai ibSMs are tiiat tbap^ soiiifoaoa* 

o^ar only ^ t • © Md aot aay morn Olao^, mat mo traaa- 
foo tmrnm iC|6>) ioM* is to *oeXo* mo m^li^^a a«X jhaoM of 
all ttoMo fBOfMttsgr aoa^osata, .oo tbat tbs lapit palaa' is atsotiii^ 
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to tta orfiitiBMEy imrofosa ©f tiae ttuntLon ©ay tom t •• 0 7* 

»ov tlM is ST, aitli mximtfor f^metioa 9*(Sai) 

ham to d©^i© tlie sigadl. i«6« it sfeotdLd xostoxo all tlis tmpXi>» 


BMM to Iw ©f!0Mted«Mi it is ast posslt^s to ssotovo VltllQItl 
3Nmozti»e to m iBfSxso fUtoxv SotMSo aaSy iluuMts «z« zosteoMl 
tli« fsoosss of satoooosssXstioo) « so that all fba^amaegr 
ooiiii»os«at8 at tho ^Lltoy ©atf«t mxo ^taiao st my t •• 0 
sad asiafoxoe ^ gim m ki0 palamp sith a iddtii not ioss tiuR 
ths ©siar of tho xsolyxooal of si^ptal haisisiii^ 


ODsacff ooair o doxatioo at tim f ans to *d»aodia^» Iba i^lo 


Hio idas of iMtiM i« iliaatxatot la ^o fi^« 5*t(s) 
(t) aal (o)* Hgam 5*2* (s) tibmm m yoiso a (t) of l-ooit 
ao^iitoio and t aaomt temtioiif a^pfeiufls« aososs 1 «t» imi 
xoaistoa (o motaBpdar fOiae is osad bsxo teoawiasi it ooiitaiBO 
awartami maiw gabambta i» fosfc fovor iltdtod*) 

amsgy loi i» a(t) « i mtt wo. * t looio. 
m tar sC^) iioi m ia^olw xoa^^ ti|Ct) • 8<«>t ♦ i)t 
ftwoo 3*t# (%). 





llamas 




It (t) 
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« 0i (%) wi.^ {%) 

• J »{t) hi (t-r) 4r . fS4i^i» 

■m 0)^ 

It «mxgy ia a^(t) is iaoxvased te 7 ^ laairtiwBine 9t 

folae to 7 tiumtiora, 12io ptuk oo^ot ooitogo is olao iamoMod 
tjr o foetoa of 7# oa «Ii« Aozotiim of tlio oiffsa^ toeowo 4oBiLM, 
am illaotiatod i& IRigo* 5*t« (&)» (o) obA (f)* Xa tlda oom nftoa 
aoiflo lo iKRoooat, it is aox? Alfftoalt to looato too fooi: os to 
tom aotaalXy It ham oooaxmA* i«o« xoaolatioa of too oi^eito is 
pom* liouw pvlIm eodlac la to ^toago too toto# of o(t) 

00 toot tto oaozior aMor 1>o laeammA toUo koopiag too aowlotioa 
to a AmIxoA Aogxoo* flilo i« ooiy HXmfltxatoA ta Hgo. 5*f *(s) 
(h) am& (i)« foto of oottot sigoalt la fig* 5»t*(i) if toto boom 
00 ia fig* 5*f»(f) tot too iddto io too mao oo ia fig* 5*2*(t) 
fov too poto* 

tons %gr oodias of too paioo» toot tow tooa imm is |o«t a 
aaai^palatifia of to totoia a toslaod ooaolatioa* 

of toe tost aotowAs of 


a Mf is Mseassod la 




• u • 


4* .Mliau. 

11 

4*1. 

Tkim fltclAtt* V&m if ft f^metioB f(4) «M»tttaiftft no 

fvftfaftiMidfte %.i#«:r %%m W , it i« 4«iftaift«4 ^ 

giirlnc it* «i41*ait*8 at a fttarifta of poiftt9« sp^aoei at 1/21 aoa* 

ftfOXt. 

fbiM iai^o* t&ftt ft diasMlf hft»la<i • w* la 

wvftili^le fes «■• ft ^ tIsMi f oca txuciiit t^wB^ ci^ottfc 

loco of iafonuitioii p*o*i4o4» 'too «i®B*l.» •*• of ftoito teado14ISi W 
of fisito daw 4axft%i^ f * Aittwai^ it io oot pooolki® to ftalfH 
teth of t&ooo OMi4iti«Ma» ocftotljrf it io foanl ftfio^pc^ ia wub^ oaMo^ 
if tfeo ofootjwc &m to dttia tto twai w oai^ tteo «i®wl ftopiitad^ 
ftSEO *^sOii^i4!itiy* <wwi5- ootftido tbo ijstoao*! f • 

Pseof of ttlft tlwoaow i» •» fallowi* 

Iwt f(|4>)« «g P 0— « t dw ftfooixoc of ft ftiiotiaw f(t), 

t^oa* 

4« 

III) « f F(|oi) o^ 4» 

^ •• 

itoW 

s «JL. J F(iiij) At0 
*» ~2»W 

toooftoo 1^4 ijJ) t* ftftawwod to to oqpswl to Of ootolio tto tmift W* 
fottia« t • n/m, ft toiag fooitioo ©» acgatiot lato«Krt 

l^oocoo* 

I FfItslV <» 

^ 4* w 
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U[S of ttje eqo&tion glvoo th© valoesof f(t) at th® mcplased 
aaiqpliag point®* fhe integxal on MS, i® tiie n^ ooefflolmt 
in Fourlor se^Hos expansion of F(iW)f in tJie interval from 
-4? to +W* laiia olearlj swans, F(jcja) i® oanpletely detezsdned 
beeanse, the values of ^o asnplss ltn/2W) dloteralnod t3» Fourier 
ooeffioicoit®, in the eerie® expansion of F(J4))* As the speotruiB 
of the ftnetion 1® aoiQ)letely knom, its tine fhmjtion oan also 
he known hy taking it® inverse Fourier tramfoxn. Buaee, original 
sanples detemined f(t) oonpletelj. In faot, there oan he one and 
only one function whose speotmn is United to a handwidth W mi 
whioh peases throu^ the given valuee at eanple points separated 
1/2W sees* apart* 

Ifatlwmtloal representation of f(t) is. 


MUn awt *• *} , 
trOWt -n) 

At e'osxy ssxpls point a 'pnlss* of (Sin x/x) fena la addedand its 
SB^litnds is adjttstsd to efoal that of the sas}^ f(t) representing 
Bumatlon of sndh elenontsry pulses. 


0ns of the nost inportmt ootu^usions of 8saqg>ling theorem, 
and ihioh favors the oonstruetion of a XF using tapped delay lines 
is the followtegs If tlw function is Halted to the tiae interval 
T and the smples are spaoed i/tW seoa* ^paxt, thm the 2Tir suples 
taken ever the interval, desorihe the original Ihnetim oonplstoly, 
and no o^r sashimi need he ooneldsrsd* It is svidmt fma ^s 
previous motion, ^lat the tiae tendwidth predaot of tee signal or 







l«t tljMk IJonNKm* of «l|9ft«l 1 m mUet cr (tj^* 

If (T (%) |ia» A of f m tSjH» temtioo of f »t««« 


'^•itt ^ «m|pl.taj| tHoomn* it to »mm It Iso oonfloii^ iotoip* 



rnmiK^im of ooi^ti^ «al pooitioft oo - l^ifc 'tibo 

O'foftl^ett C ) io oolii^tSMU 
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An i4«al low pauBs fi3.t«r of Itondwldtb W has ora iopalae zoapoaso 
vAildi is oas of ths dosissd 8«q»ling Autotlcais* HiwMforo, ^s 
idsal low pass filtsFy followed a dewloe tdile^ will xepeai 
-file low pass filter oatpat wltb proper position and anplitudo 
SfW tinss^ adll to the reqoixed notified filter* A tapped dela^ 
libie, with assooiated elrsuits as aliown in figtaro 4 (^) s«tisfi« 

Hut recpixenents of sacit a dawioe* Bswewer« an idaal tapped delagr 
linst is alaost iaposj^hle to eonstmot. ftoldier, the low paM 
fUter that is aeedad is not pfeysieally realiaahle* losewer, 

Ihase difflcalties are dwsrooaa la the eauM of poraotioal MFa tgr 
the low i^s ^Mnaoterlsties of the aetaal delay lines* la an 
aetasl Xf of Idw type doserihed ahowe, low pass filter ia replaoed 
hy a eiffltal gtmerat^r t© feed a praotloally FMliaahle telay line 
whiidi has a iapolse response of iiw Ihm, 

h (t) - Ihr t >0 

■. 0 for t < 0 

l^eh ie wteat we desired to acsq^o. lore the input signal la elaarly 

not haid liadted and h«os ^e i^sta» em he mm. to he pesfe^ly 

reolii«hle. In FI#* 4 <h), ^e aj^»o of«» gain funotlono haws 

a . ® « 

haea chosen aa t to + 1 or *1 > fer oonwenionoo* low, 

with the inpdt lookiag IDss a Csin=r /*) pstlse, thain# m ideal dalpy 
line* a* *8 assigned 4- or •* 1, ifes p»hlsn of ro^tiwtt^ of IF 
is ©ospletely solw^ «ni ^e li^mlsa re^^aoe of «»e stguO. gaaexatiag 
filt<M%haji the IhiaB of a low pass so<i^i»o of positiwo mS- a^ptiwi 
psls<Hi as shown In Fig* 4 (a)* 




m 


Tim pmhlen of 8«iasiiiiijg for a tosimKlo si^al, zeiacMia 
to that of flMlng a dosixahlo oofUOBOOi a^, a^, *••• a^t of 
♦ 1*# tM - 1*8. iiefarifiag to Il«. 5.2. (h). It will he fowai 
that this is a tfpo of aigaal that is Meded. It eaa also he 
saea that t(t) » is a eosstsnt aaq^lituds siipsal iditi^ is a 
hii^ly dtsinMo pxofoxtjry of idl ra&ar sal oosaualeatitai signals , 
arising fvm Iho ass of a paale^poimx’ liadtot tsahsaittor. Ihr 
such a tzanaait^ry the operation at rated awentfs powery oftsa 
AmmoAm IdM net of asaeonstant saitlitaAe signsl i.e.t «»te in 
ihi<^ oalir the phase or the saxo exossiag of psloos is sodslated. 

Thezo axe sovoral adwaatsgssy of hawlxg a ait^lo flltor 
that oan generato as well as pxooess a signal. 1%s ii^rtsnt osos 
helag^ ^olr asm in oonatzootion# snitahiXi^ for zsdar shexw 
trsnsaitter end zsesiwer ere ili7eii«i.ll3r at the »ras looation. 
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5. aiiawl StUqliiai 
5*^* Sl^gml. 4»8l3gitlim%y t 

A* ia -tii* 2«at Matsioa, Idle ©f a sigml aa& it© 

IF #r A set ef sigsAl© ©ad ti^lr MFs, is limited oalr Saadeidth 
sad iias iaastisa emuAdsmtisas* Sssvsss, #iils the cbsiss for a 
©• xtai]i iMuadsidthy i© gsmsxrsXlj dietAtad tgr liis i^tm as a n^ls, 
tils sigBSl den^iw, is pextly ilaitsd Usm pliyBiesl siss md 
Aosplssit;’ sf tiM HF fxm sea tmild* TIiab the Isairth ©F telaijr lissf 
the sashsr sf taps presided and hsnss the pmsrid srapiexitjr sf 
the filter are detemiMid tgr the leagldi ef the aatshed siigeal. 9e«-A 

Far A giswa haadvid^ and tisM darati(»L» there aae« aargr 
pessihle slgnidei, eae em thiidc ©f. fl» prehl«i thea» is to <hoi»e 
the *a©st desds^le" idlgiiAl* ^is is defined as the signal liiieh 
shea passed three# its HF* pleXd^ hi# mMasmw phlee eith ee low a 
sdntter as posadl^t ^ either sides of ^ pecic* It is possihie to 
diseoser an# sl#sl8» % nsiritte s mrefal staiy of ^Ir Xf sstputa, 
ss 1^ imtpct is aothind ^t ^ sato oorrslstioa funetion of the 
signal itself. 

^he owtpst ef idM' XF iSf 
+1» 

Ft (t) » J s(tI s(t - t) dt 

mm 

#i# is the warn esxrshtion fiassHon ef iKt)|, sa Matieoied heforsy 
having the foUowiiSS propertieet 

1) Fg (• ^ ) - F, t 

t) If * dttrsti^ f y ^«a the doretisB ef (t) is 


2 f • 
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I) It ft mitifttBi ftt t <■ Q 

(^) ■ y^ (O) • J* and is fzopGxtionaX to 

B 1^0 totid OBSxtgy’ of Itie ii|^. 

y^ (t) of ftttM Bttdana solos aagr ^ oMafftsd oltl»r 
firoa ft altoart sigiial idtb hi0i ssoxaso poosr or m loiag 

dmmtioa aigad olth loo «yoz«fo poimr. PoiAt pooor liftitationo 
oflas dietftto ^ ftoo of lottor id|;Bolo» tot tfatis sill iftaMuo 
tiio 0(M^l«dL^ of tiio flltor» aa • loon; oIsbOI is iioodsd* in tMo 

OftM« 

5 * 2 * teHtf iliftlffB..jif.,iSBlite iffit 

Ift tlio figttsoft $ (ft), C%) «ad (e), mm sl^lo aod li»ir 
ftoto oors^oldoft ftoiotiau aro dtoam rtsaal oortftia i^poztuil 

obaraetoriatios. la all tbaaa flpiEoa, it oaa to mm Idiot ^ra 
le ft pftlao lika oeatral foftlc, ai^ aiaor poaloi or elattor i^aoad 
a^snaatrioftlly, m oitlMir aids* A totaoMi tbo flfloraa 

5* (t) aad 5*(a) sasoi&a, offOot of c^tattor, oa tto 

■ftta oaataal paak« la thoaa liflosaa, too aiiaala of a^puA laestk 
aal total laargy, aad l^etr mto eomlati^ ftaoHoaa axa oaa«l* 
dorod* fita diffftxaaot ia ibm aatara of olattMr in toidi 9 mm ^ 
qoita flaia* la tbo flfara 5 (%)• tlw olattor or tbs mammm aiaor 
l^oalca ara poaarfbl aad too aloao to «to aaia paak •» ^9^ dfttoo* 
tion of tbo aaia poidi, ia Iba pcMosea of i^iaa, tooMoa 4il!fi«ilt» 
SoeoaaOf mim Mplitnia aaa aid or imttxsot tmm tbft aato ooara^Uu* 
tion fmiolioa poaieo and tadair oat aaaisr of poiita terint aaaa 
MflitadMit 00 tliat it toosnMi difft^t to dotorftlao OblOb foaie io 
dot i» tba ftldBftl* 'ftis 100^0 ia wmm maeimm^ oboa tboxo ia 
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wai uiddioiin. d«lagr la siipAl 4tie t© aerviag IZa 

Mga^ 3 («) t h^WETwr, lauttor Is wall t^maS. sad IMs ompazi* 
aea illaslxstss tli« fsol that tbs signal tftoaLd bs as 'asiss Hies* 
aa |N»8sibls sad ssaiaialy mt fsrlodle as ia figazs 5 (b)* ly 
*aQiss lilcs* it Is Bssat ^lat ths mtazs sf asoarxsaes of 4 t*t 
Kid • 1*8 is sitboat say psziodisitsr* Tbs mva s(m|>1«k sr *a 0 lss 
lilcs* tbs sigaBl is* tbs lass is ^s elattsr <m sitbsr aids* sf 


tlM aaia fsak. iaotbsr ]pisfsx^ of tbs aDlss lUm sigaalt is 
fast, that saofe a sigaal gwaoxally baa a fBsta»M!r spsstxas, la 
sblsb i^laiMt all fxsfasnslas axs squally ssi||itsd«, Oa lbs scHBtxszy, 
a sigaal basiag *ssll-oaS«esd* •¥ 1* s sad *1*8 as Ibusad in His 


^gasl la flgaxs 5 (b) , buws a spsstrm ia sbidb soas fasfMasIsa 
axs SOTS ioalaMst tbaa sHisxsf In oibsx soals, a aoiss IHra stgaal 
atiliase its bandsl&tb to a gzsatsa sxt^, tbaa a lass sonySsx 
signal# finsi, ^ baatsUHi of a signal givss an lisa of Hm 
A sgsos of its aoimasss* i asaaoxs sf tbs sffbotios bsadsHtb 
of a sigiial tbat is oftsa uasd. Is, 


C r |.(I4 i* 4$f 



Xt may bs notsd Hiat tbs f^hrantagas of a long miss lilcs signsl, 
saro too ibid* Firstly, slass Hit aa^litudO' of lbs osatssl folss is 
fro;p«rtioBal to tbs H»tia. sasxgr in ttm natohed signal, Hm «aaxggr 
in tto tesnsnittsd slgBil nay bs spxssd sssr a OK^onstioSly 1 k« 


tiai' iatarvBl itma vsi^m b long aeias sli^ saHisr tbos tbsa asiag 
a narrow pilas, uB 06 is&, mtsltsi signal, ooaosatritsd stmr a ^oxt* 
tins, givim that tbs tstal snsrgy of sigiwl is tbs mmm in bstt 
Hte saass. S^nd]^ sines nsoBbsr of possiblo n^ss Hies slgmil 
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tmmmtmm nitli dsratlm, l«Bg tiguftXs ena bi usM to tssnssdt 
»ose MH»«go8 tt»a ilioztor oaoo* Moo, m flXtox' BstiSwA to 
a eoarlaia iioieo lilco eijgndL pxoiaoos a liko zospd^wo to 

aoiso liko oiiKuil* f hie sewoo oodia^ th» ol^euil t 
ths adYaa^t^ to he gaisaed ia alao aaexaojr* Beeti;4eet a mlaa 
like oatidiad aigaal la loteotalde aa a p«^a only to aoaa o»a 
poaaaaaia^ a filter mitilhad to tJiat partiacdar i^gswl* ethera, 
it d^a not aonYey aiqr iaferaaticai md ai^^aara aa nalaa* 


S.t.^^iiiMttieal Oritarta for SiamO. Sflaetlon» 

Xiot the :aattibted signal aCt) coiaist of* a aet of (y ClS»2®W) 
aaaiple Yalnaa, a^, Sg, fhe aato oorzahtien Iteati^ of 

a (t) aamsy ^lan he oonaSdasad to oonaiat of a aat of (2H * 1) aaagple 

talnaa, * • • • • • ^-2* ** 0 * ^1* ^2* '•** 

ahioh are giYaii hgrt the folloaia^ et’aatienai 


e 


i ** 
a -i- B 

m i»i 





*i *t+i 


. n-a 

**» ■ >’-*■«- vi** 

« * ♦ • 

a ♦ • ♦ 


Theae ei^»aalo»8 are ehtalnad bar aolYing efeatioiia f ) and ( ) 

Wm Yalne of r , helaff m ai«»litade of «» eei^ral false ia of 


i^rfe«ac®. Tb» soh«ae of t^p®d dtliy llu* mt«» 
■with a»pllfi»a! m gain allows may xwas^uihlo eonatmit 

to he so^rtitotei for t/2f, ia the shore e^piatlosm. Tektag it as 
tmity for otanmnieiiee, wo haw, 

N- lk| 

“ f., V N “» 

k • (®# W «• 1 ) 

Fir eoaiiotatioBal ease, it ia oewsvwimt to pot ^e shore eqwatioaa 
in a mtrix fom, as in figam 5 (d) • 
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ThO are the soni of l^e elwHaita, in eaeh iqpper left to lower 
idl#it diagseal, aaae as ^ose giwen hr Sfoation t, 

ehtaiii a hi# aaxrew pdee with low di^attor, oast he 

w 

set at a li»ipe waae aad • P^ ete* set at ae saall waives as 
dssisahle* 1%is nsaiai, ws hawe (SX-I) am livear sfoatiow ^ wire 
with I viteo«ani« Bat ia fhsl» we hawe ohly W s^tiow as ihs wte 
eosreli^lw ItoiotiaB is iy»ett3d.esl i&ovt P^ asA ^ l«Ct iiagoail 
p*s ass s<pal ^ thsir sorrM^poadiag P*s ia tto ri#t dlaffSBal* 
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la fptt« fiff tfeia aiaisMilea'Iioat it is imrsl'siag ts i^lvs thsss aea 
lia#«a s^ifttloiis, fill* laa. ftx^itEmx^ ost ©f ?** • iiso» sss'ttisa 

xsstalstisa, plaasd m, »*s is tiMt -fesy aaast tbs slpsiL 

is ]»»ias lilcs* If « xeataist^a sty Ihi nsds oa tbs si^asX l^ct st 
say tiw» it a«B sitbsoe bsss a + t «3? ♦ 1 is^iitttis^ ISmnt ths soXaticaM 
sf tfeis sq(sati«ttss 'is ast a pasbls*. la fasti has hsw statSil p»s«* 
triawlyj, ttisirs i« sudb advsatsgs t© h© |pidas4« by sspXoylai^ siiflb a 
type sf sifaaX, fhsiw siKnaSsast tsa»4 tm *I^Uia;i^ sifitals** flu^ 
net ^aiy etai^iii^ the rntbenatliMiX aspest ef tbs pxeliXsai Inst aXia» 
it is sasisn ts pnasnats ibs» by sliift nsglstisr ‘IN^iiifsas. lew 
mmet by XiaiMat m» sapUtilies ts 4- 1 sn • 1» ^s sxtsnt ts idii^ 

(Mas tail nstliss a aoiss Xtl» si#iaX is istxsaasA eew^U^icsbly* Bat 
Ibis iissdsantsfls is effbst by maegr advsato^ ^lis s^tsas bas« It 
is ptasibls to ailni tbs nattbsd siipal Xttb aeiss Xibs 
stetsssiss biaasy MMyXss in mdi a say ^bat ^ 9 ^ is net bass any 
^^paxaiit txiiMt# 

iuqpiitaingf a etfasaea ef biatnr aa^pls saXitss, a^# ••• tji* 
is 0 hos«s sa ^ nest issian^bls am* Ti»&, 

(1) it ilanBiXd bass tbs Xssat tzess sensXatiim idtb say elbsn 
tytXie f«Mitatitn ef tbs saw esqsMies ef + 1*a ant <• t*s* 

(2) its laite eexnsXatisn fa^isn ^itidld bass tbs i^xlnsis 
natie ef eantnaX i^ib n^Xitsis te tbs atwrags flatten inesti^i ilun 
SMjj pwp st te etbsn tytXie ysnsnlatiets ef tbs ssm estpanti# 
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Qonditioait is -fsagr iapsztsni teom isteetion 
said fsoaesoy foint of "slow. It is diffioult to sest tlmt eoodition 
ooBglottl^. la faot« ia oosnootitai with 'tiiis^ thsm hss teoa aa 
•'voiatioa of aa oxtsaaioe Coding tlisoty^^. Bat sa xegurds ^ a«e(»a& 
osaaditioa^MM nol^mties iavolvod is faii^^ oia^le. 


A wnm33» of oiattor is -yui zatio of ^Ib» poak oat$at si^iasi 


fowor to ^0 SEfoiago ««o« posor of -ttie olattor* In tozas of saa^ple 
oalttOB, this is tho ac&tio of ^o e«ata»l palso saaplo osliis 
s<psxttd« to# *B»sa Sfoaxod dsviatioa**, of th# ^uttor n^ion 
saaplo salass shout thoia aosns. 


fho host possihls so^s»o of •«> I's sad » 1*8 for a loagth 
of H Bsstlo smXas^ is found oat hy finding oat mtios ^ ^ » f 2 
otOt for osOh ofiAie pornatstiim cod piekiag oat that sooanioo shish 
gisws asriwHB P • A8» for s mt&mkm of fi»4 long& I* sopli- 
tads of tho osat:ntl poidE is ths saan irrsspootiso of any ^rolie par- 
natatitm* for nsxisiiattion of P • «o aood to oonsidtor only ^ elat'ltor 
mgLm posor. In foot, only shon Istor is adninsm, vs hsvo P 


Bapxsmntiag, aosa sfosrod dovistion of His aaito oorralstioa 
fanotiea elattor-rsglon Msplo vslass shoot thoir nssns, hy « so hasSf 

. N-l 


p « 


N-l 


£i »* 


vhoss is Hm soon rains of lO^attor rsgion ssspls ralnss* 


11*1 

Z P 


*5- ’in k-., -k 

It w»t ho notoi hossy Hist m sre ocmsidMdag saafils iralaos lyiag only 
ea ons sido of ^ o^rsl posk ss ^ao srs ^ranstsiosi. fhas, 




It ia la ila* oeetlemt iai»t a ia liii^ 

+*« Mid «»t, axt mr«Rs»& ia aaMii^xtexlj a aamax as possllds't 
is ^s asst aasl^ sas as a aatii^d sigasl* Oas sacfe asfusiMM 
satlai^iaf tbdUi xaqaizsasatf is tits fssaio ram&itm sstpnsBs* Itolszs 



4*s sad *m m slaNi^miit it «isaM ss tsxasa as a wmsm ss^ssaas 
Bo«st«7» it is isptziaat ts asts» titat tbs teza rsadMS dess sot zafas 
ts a f sstsTisxi sensidsaatisBs as i^at tlw a^pMsos is^ Iil» md tiisd 
its pxsfSTttss axs« lat ssfaes oaly ts His a pxisxl ssaditiMai aadsr 
sltiHi It saa gsassatsd* Fs* sasai^s, if a ss^psiies + ♦+ ••♦ - is 
.^aosTstsd liy ssla flipfiaf paewsst it is a xaadtm ss^p^iMS* lat if 
ii in ipanTsIsd a dstsssateiUi^s dsrissf aa^ ss ifeift »Ml!ists*f it is 
net Tsadiw* ®s*sss»» sstag ts ^ Fss* Hat tlis aaw fs» stlaliiid 
fiesii a Hift *Sii#tS 7 Itess «awt aH Hs statistisiCL tests ts dstasaias 
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ill* plAuelbility me&mmm wffntom It i« tczsMd ma a. 

inwuiio SHodos It ¥e noted hoiw that this is ei^ an 

a postazioiri aritsxionf »sawl7» hex* wa airs taking the pxopsrty Of 
tlia aafoM^y to dstaaKina its xanion nattast Bat '&ls is ina&sfsats 
for dofiatnir s. priori rmo&mmmm Soaoo it aay statad spaailloally 
^aty giraa a sat of tasts for tha appaar«®ea of randomiaaa^ it Is 
always fosid-Wye to daviea a da^Mlnistie i^Eooaao to ganszata Psaado- 
xaadtHB satpenoa lixidt paasas all tha tasts# 

d«2# Soaoifiaattiiiie for a gsaado BandoiB (f M) mAW^m 

It has haan dis«^sad alaawh«oSt that for a si^ial to ba poaodo* 
ysindoP f oada langth H has to ha of '^lo form oithor 4* • 1 (•*^t2»5#**) 
or # - 1 (p • 2»5f4# *#*)• ^ ^ eo»diti«Mi toflpifear fom i^ia aooa- 
t mrj and saffleiaBt ooodition for a safosaoo to ho pmi^ zai^oa# ®io 
ooda IWBg^s I ttiat nagr ha ohtaiaad Ihr I <• 4* • 1 •ad » • 3^ - 1 
axo fhaad to ha wmm if and only if aMhhar H is ^t is know •• 
a Mars apy* prlaa#^^ lowsfor, host Icaotia taqpsnoos # ass m so^noos 
of tha tvm ¥ • 2^ a 1*. ®tosa ara also oallad as mx t m m laoglh linosr 
jeonarring safiaaiioas, or w s jflaw aB length linsor ihift xagistor sofomieos# 
for «iy » of «his fo*», ^ diffhrwt siip&iils that nsy ha 

imm& to «iw tha doairshSo ostpat Aaractariotles, os disoasssd hafoxo 
is gitoa hy ^ 

t . 

idiax* ^(1) ^ ^ fanetii® of ¥* ^ wohor 

of loo# ^ Jf •hidi sro ral^raly print to I. »• maOmt nt 

signalo ^ «*o tla* xBrntmOm of asOh o^ hi*t not anpiltnda 


invoroos*. 


tii 


(a + A milBft ♦ 1 trihil* «, *• iadlmtBs • •I ssapl# 

mULwi*) 

^<»2 I «5 ^ ^ ^ " 

^•5 K m ^ . 

P • 4 H • 15 '*♦• + +• ^ + «• 

usariNr bI* Bo^ld Im incoMiMwd ineli^lBg iStadx tiM 

InwvBiosis aad laqplltiiie iir*«xii«aM» Wmnmt it wmy Tbm wsMl aitpUtiA* 
isvBVM is HBt »•« BigBaJL at all, iMtmsm t 3 i« ef a filtar to 

tkm aspiitn&B •AtnfBsee tf its aattfisd slipal is tiM aniplitsift iavKaw 
of t^o onto m'Wmtmtlm immtim itsoif* (%Ni filtoir wusmm to tfao 
ttm infisu of its iraieliod slipsl ma aoiso)* 

It im iotosoitiBir to e^apoxo tlie ptmalba xaaiOB oifnala idlth 
tdlgoslo ikam S MBflo oalvw ium dotoxaiBsd tgr fsiir ooiB Hollas* 

Jm IdibO lattov MSOf tito pfxetotdiitjr of so^pls irsli» Iwiag + 1 
is 1/2 sat tto pstioMlit^ of tbs osso boiag • t is also t/ 2 . Vtxm 
isii a mx^rn mmmikl* ^ tm&m xm^r of •^*m sad •*» is «i^ « W/t» 
lOv fooiato maSxm sofoonoos hamms;, W is aloi^ oM IwiBg o^Mil to 1^*1 
OB 40 » t 00 tbat tits siatwcs of ♦'a sod -*s oManot bo o^tit oosa m 
tbo Bat it a«3r bo oasilr ooxlfiod i^t Aiffoswaoo botsosa 

0*0 iM **s is mo 1 « tar an oalaso of t«" CoaaofaMstljt ' fm loxio 
9*0^ tbs of 0*0 aat **o am almst oumI* ^ fbo oigaala Matod 

•bofs iilm^mto ^io foiiit* 

M& ii^oBtaat fOatam of tbom pmts&a *w»lm idm*^o to ibo Ibst 
4 fi a 4 ybm tlio foSo® »i®«tim fmm*msr of tbo #«mmmir, at 
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of itl(piab| .gfBooxtkoT Is adjusted audi t&al 19i* irt fflt*! , 

ilimi, all %• dlmttar m Miliar 8id*« of M«h p8«lc goto 
■wltiftlljr oaJMsllad ^ of its •djaatn'i pailc ta pxadaiea 8 

el^tar fern amt^t sad eltttiar si^ion au^la mdtw sob to * 1 « 

Roaeo^ 8 fS soifooaoo 1* oloo te 2 a»d os tuo^loiwl ao^joasieo* It aay 1» 
stated, 13mt all «^li© pessBotstloss® of a giwa fH w»<pMice» a*® good 
OBoo^ to "bo Msoosoidiarod eo aott^ed ai^pals to pjso^ioe eoaq^letol^ 
oooB lappjUtg HP ootpato* iiat it is dtfl^awat tf nm eooxiaiq^ing 
signals a 9 ?e ssHoixed* CosuriLdov ifeo seoi^teiioe} 4 - 4 . liiiOb is 

8 o^bHo psnmtationit ^ 'Hbe PK so^psaso oom ■*•*■¥ Its 

atxko cMMrsslaticni fraiotl^ htst aaapl* iBlma 00 follosst 

t ^ 0 ^ 0 0 4 ^^9 9^9 9 9 0 9 9 0 9 1 9 

ftiis Itnastiim is deltalte]^ iafoxii^ to ^a aato • oovzolatioa fosoti^m 
of ti» sofoinaos 4 4 4 * •• 4 • sfei«^ Is, 

•I, O9 O9 «*t9 O9 7# 0# O9 •I 9 69 “I 

toamso, Idto clatter of ^o porsataled soqosaoe is greater* All o^ie 
poffioaitaticasc of t\m origtasl sotosnoe have diffoxsist aii.t» ^^HErslalioos 
jeteetions shici} are infneior to ^ origliial tmi. to osoh otter ia 
rarpir^ doganNis* 

f o pieic oat sadh 8 M sofooBoe has Issst olattor, is tbs 

**.4*. pzshlMi. It is thsrsfort li^rtsst to know pxoeiselgf tito ^Olowiagt 
1 ) Por 8 gito® Iwsgtfef P tto »^P«®m> 9 sfeiOh Ims tim a s ata a i 
poak to *vo*8gt ®lall»r rotio, mi#»* 

t) ehidi i* (*») ^ ao^BeeeoC#) of Isagth » l»vi«g tho SBSinai 

peak tm iwoKSiO oHosttm ratio, imi^. 
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<hw &i ©f 1Si« mA px©8wa.i«4 ia this ^sis, 

h»« h9«n to tacffistf those tse peiats, 

Howser, fhr F • 3f ?» 11* Ihe c^tiasoa esrolie pexasitstleais 
am mm ear less Tie^sClisr oharioss aa these i^-visg sate eoxfzeistlon 
fi«ieti(Hui ihote better mglm aam^la mltiee am 0 «sid - 1 aaHy* 

Bat for hi|^er order S*s, sute oexrelstion faaotloB^ sxa extrraely 
eoBpllested. leaee s aeefol as^ieBstlesl ositexis ^uit io to he 
ittodf is the one is siresdy dleeassed hefere, neaelj, elBislsisg 
the aesa sfasrsd devistioB ef tiw sate <»xreistiea faastiea citcttw 
region ssa^Ie ralvm idaeat ^Ir msas. 

4 eeapiatsr pxegesBBM fSanmXsted to gsBssate fV se<EMiisas ef 
M^er order I is aisinuwe& ia the felieeiag seetiiaist 

4*4* Ctoereti^ of fg lijaiaiaist 

for s eede leagth I* ^re mm ^ ms6»T ef seqaenees pessiMs* 
f^aoee eseh eods has s eheim to hsee s eslae ef >*■ 1 or * 1« fe iiseoetr 
sa^ peoaAe rsaiMi sigaa^s iMife ^asplet^sr dlfferwsEt froa sseh 
e^r* it is aeeessKrjr to i^^^ the feiieiitag xestxiotieas* m the 
wsBier ia ehioh one itss to seleet thes« fhs^r sxet 

1) 4 fi sigBsl has aoBher ef 4s «s3 aiaher of «s slesjs diffexlBg ^ 1 • 
t) fiae x««ers«^s are te he elialmtedU far exsapie 4 + • is the 
sigmi* * 4 4 is its tlas iavsrss, 

9) isfiitads iamxsss are alam te he eiiaimted* Ihr ssnspXe* 
if ♦ ♦ • is ia»e sii»lt^ • 4 is its aiplltaie iatssss. 

It Ibis he«a fetoii* ^se rsstrietieiui heiag desa t^ fsawthls 
naiher ef dssiii^ls sii^s fhea f U sipxezlaat^. 


•x«b^3», 1 «• 7^ hMM 2^ • 16 fe88lbX« si^an^e* 

K • 71« hia 2^ * 2S6 m «&« 

Baw 1i» nai^ is io soapute tm 'sseh «f Hisss 

•slUietsd sigBiila mi. plek sal ^ist iwrtiottlsr ssfasties idiisii law 
Urn ismt « ^Oiis is tssSxsd spiisRas ssfosaes# 4 pwdfsmmm 
has tesfi. pxsfscst m l^is ImusIs, sol It is giirasi Ia ippsndix Z« 
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'7* lil?4Twa» BaiAiamtlMi 





7*1* Jj!it»94actloiM 


fh» ia fyvm 7 «o4* pawSa mOam aiga^ gmnmUr, 

gamTmtiag m aigeml at to4«2. at iim 17,5 aM Mid l%« artiiihta 

i^l.497* Hwsm 4tM 4a%tgt / eodt xi><|iilxvd( 

ai. m '■ 2» ^ " '’^tS 

7 

flMfvfiixw* » 7 4tp dtlagr liiw* a t.5 vS p«s mA 

Tim a tataa dalir Pt 17.5 aS, is ma amitiaila tax tim * Ama 
pai^awt and taa saab ialay !Uaae aaa xafataad tace ilie fsassatax* nd 
filial*. 

7 i»d« aifMl mtarmi ia abava« xafttizta soae at iha iappd 
outputs to ba inaatttA (i«a. for m ii^put of 1 -volt Ibo ou^^t at 
thoas taps 1mm to bo *1 volt a»l aios saxm). Hosoa au iunirtar is 
Wioiad Ibr IMs. :&i addition, I9is d^ap liuas ttat ars arsilabla tax 
fraotiaal uso, boiuf nMMUbatl, attimata aad disl^rl tiis input fulss 
at tlw output fros tap ^ tap* ^xolbra an aq^Xiflar, sliaaa fain is 
ad^ustabla, is asodad, to xailiapo ^ paisa al aaaty tap* Piaallp all 
Urn tappad outputs basa to ba submm^ up to pat iba antabad stgaal «d 
banaa a wmmtm m^UUar is aaoMsaxar. 

7*i* Bataiis Of t% Mr Tdnmm goad in tbs 8at-uoi 

7.1.1* Daisy Has ssb«st far pauamtor md fUtaxf 

ialay liaas, Msb bariu« '1^ tj^^t girtuf a dilay of 0*5 P^ 
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«» ttctM* 'ib«3r sza tSstgmm tm ^a sbava imm. 

M» aaalt af tha iaia? liaaa aaft «ily glaa a total ialagr of 5 aS» 

4 UaM ara zofolrad* Tliaoa axa eeaBOotad la oasiaa aaft 

7 tapi axa dxaan out ftom this azzaagBOMRit to «at too za^joizaA dalir of-Saf 
of 2,5 oS par Tiiia aeiiaM is aho« la Wig, f,2 (a) tor coaontor. 
ftia aaaa la repaatad tor filtor also, liiiflfa aaaaa 9 aa^ Aalasr liaaa 
axa ra<pixo4 la all* 

7*2*2* togporiamatol Ispoxt oa tiw Aral3abie Oalagr l<laaat 

Munfaeturtto of too daliisr Uaaa axa 49*79 Sla«lx(KBl<M too* 
tr*3*4» aad thair IMioatoa too tolleaio« faotm 

fatal Baligr • 5 o9 

Blaa tiaa » 0*45 nS 

Cbaraotorlatto lapadaiwa • 490 oIbm 

Biatorlicm m $ par aaat 

Att«RiaatioQ « 20 par o«Qt 

flwaa fiadlx^ aara* tor a tout pulaa of aiito 4 irS aad tol#t 27 
for idddi too Oiitfut at too lOto tap aas a pulaa of too mom atdto liat 
too saa 1*4 7 raaalttoi: la 20^ attanaatloo, aa ladiMt^ idam* 

Booa«ar« tlio dalagr Haas aaxa toatod uilli a idbnweidal to 
ii^pot to aoaaaro too oraot atto^tioa at aaoh tag mi to«M raaalta 
ara girm In talila t* 

tor o Sinaaoidia. iai^t wltofo 27 pmk to pwto 

fi# toa* 1 t 5 4f 4 |9f1® 

toltMp output t*Jli t*fl0 1*78 4*75 4*70 t#85 t«40 7*54 t*^ 


faibla 1 



^ fttitoiKUoa is tmaS. «» • 2S9( 

SKBMHit, til* d«Bi^ of '^o Mi^liftor ife o al d ^ av^ M to oo^pmuttlo 
this 

7*5* i»plifl» y 

7.5.1. iKtoBo of tim ta^UtUv Botolradi and 
ita %mod %oelfi««lioaait 

As aantd^Md tof^xsa, z««|aixaiBMit Jba fWP| 

1) m a^pUfioie to oaatzi^ Hio a^plitolo of oodo at mmIi t^p 
t) OB iinm3?toT to alter ^ sl|^ of Umi «»Aa at oertain tai^ 

and 5) a. aoBBtiig aa^llflar to mm all ^ ^^^ped eii%fala. 

It 1M» aasily apfzooiatod ^o oorntxaeti^ irdll to 
rt y^pl if loi to a laxisa «]il«at, if asm aaiplifiar im oaaeofolly doai|p&od 
to parft» all Ito ttoao ofozatimw aotiafaetoailjr. Saafe aa^liflog 
Imw t«na daai#ied «ai eiNBatsi^tad aad ia diaoaaaad la ISio faHeoliNi 
aoeticm. 

ft* tsoad ofooUleatiomi of Hio am^Ufior asM 
t) Hao tiaa 0.4 oS 

2) la^ iajfodaaeo 10 k 

5) %^t iiqpoiaiteo of atm oxtar of 100 atea 
4) gala oaaiatlo fkaat 1 10. 

7«5.2« (%9ioo of OfHaficasatiom 

A ooam oaait^ Mqplifior ai^ M# pda ddok ia 
^ aa^loTiaf a food taak ia ikm otaioaa eOaioa. Uda food took alao 
ati^ilitf for Idio ai®lifi<w* fct kooaoaa# 1^ low oatjpat 
imwilaat iiapii»8Bwot aaawwitatoa* Hio aaad ftr aa-aaittar fUoaaa* 
Itaaott Ik* ooafipfflatioa ia «^)Maa» ia .gtoai la fid. 7*5*Ca). 



€ 

W 
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t« twrtwii fttt mm 'to fMN>% aoit *f tot* 

SjI i« ^pim to to « ^ k Itoa imreEt -fimtotiiiaM'' aeaiiitniteUM 
k to melt tot «i4 4.^f* toaa atqsHdbnNMiito* 

totditog to® «t totot «# latl aaft tg^ptiMiiKtoljr 

3 mUtUi tov tot ttoto towutoto®f^» 1^ to« to to imiiir «ftta to 
5 to tototn tolto to tot to f toto^ ^ #f tot totswtolmr to to 
3&9 tot tott tomi% 1^ tott it mttoi to 

• • mk m 

IttUM pA* totott 'S^ • to X 0 * 0 t • 0 «i t»lt« Tt toto Tm ieif it 
iito&t to tot^ too fotoi B to figBSt toeoli Iwto • fOtoolSi^ 

m &*i 4 • @*6 m&krn 

toito Bto Mttili iiwoiitoo® f 2 Oftntotoc ftlai totma. 

it • toi tai • If t tt tool too potol tot o ittoitotoa, 

« I . t«i « 2«4 ftlit 

Wmm, IL • ItoSl • k 

% ’ 

tootot fltot » 1«$ km 

totHy# ^ • ** 1 ^ *' ^ * It* 

tototo ottoo » $•! k* 

tot* tot iH^iiJQIo® to totfitoi tox ito ttotolito* ^ tlfMIito 
futotox oltowtl toot toto to ** itotif* i*o*» op* it ii Ito 
to to otto towtoto too toot, toto toot it i^wtltot toii tolas toto. Wt 
to 00 titoftol^ 'vtoto* 




fteoB 'tilMKlzf exis&Bi!l. iraJlttMi dM ifmsiMtXBBs i& X • 

IMI 

Aiqr A X|^, 1 b ^ iMWtt bbtxbbI §m t» !• 

eoszBspmidiad^ ia and hbnm A X^ «aa W m 

•qjoAl to, 

a ipata ^ mltlpllal at eolXoelar, tlmi ladBe* 
iair ®ttt a eoBBMpQBdin^ AX_ 1 b X^, ifea aaHaataa oa^SMat* 

« m 

fteaBafaro* A m A I. + i 
II m W 

Bttt A x^ la aXaa a^paX to S X^, i^aco *1* la tha ataiiltl^ 
faetOBf iMdi la to 1»a fa«aiA <mt» l^la la astadlljr aMalBad % 

■BliatltBtlBf mlm of Ax^, 1 b Waw if iOm oomoBaat 

taXBoa tmmhf ^ ^ ailpBMaloB Hia A X^« 

^o mXBo of 8 00 olHUdBai 

♦ 1 

t ♦ 

®1*®2 

Ihittliig, ^ • 2.7 14 % • 5#« k, a, • 1*5 k ^ • 50# 

It la fooBl tkat S ■» • 4*25* 

i 

'Tliia la a soot aa momp^M>9 'ntlm awl. la fket Hio f Oadk a ak 
iBPEoood tka etakility ^^sexlaataX; kr ^2 ^yaaa, i^lak la «[iia 
satlafaat^ foB tko foxipoaa xaq^dMI. 

Qaa ai^tkoi# laiioataBt p^liit to ko iSaoiiaooi la 'tiki offoak ^ . 
X^ morlatlfHif dao to taai^aBastoso £bBaitBa'tlww« ob jwfi^wiawo af 



la, 9, •iliooa tKW«iat«r« ^Mi^a tmxar Jammim 

iMxst ««*• to \» ^bai libma tlw tompomtox* else to tos «ni^to» 
m 9mii1^pmta amlm* fwr 4t1 txwuitotojr 2^ « d«t vA, 

W 

2 ^ xiovs to a ooloo m 12 «t aii j|^ 50P xtoo im tian^xoliiBft 


Upoetoa min* of 2^ mtov Utls «M»iiltton, 

0 

ml ^ Q^mi m M 

aki4ik to mt t^mdbiMa to tor«fO tto 4*«* toMitof AsMtoo*^. 

fbiamfimtf too iaaim to totiafootoxlljr ooto iam toio potot of oimi «2n 


JL* JL 

V ▼ to' ‘ 


* 
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FiixMMMr *• 
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«iMIZ» 


m gato. aitli imA IbaA* 

1- t 

A« k tmake to ^ toBio ^ ^ 5 


0» otiplsr • • g 

n* Vjj^n Xoo^ 0ilii of tbo npliflo:e ia gimm lagr 

1 . . JtSi 3 i 


lftl)»nl8g to ta1i3o ti ikw $11* 5$ 'ipWMiotos* yosBOBatt a nit 
for 00$ ootatitttlii^ iiitoo mlBoo l» Mq^rowloa fir k 

it to fOMi k • ' SSJLiffX g k ^ 

Moo tine ia fowi to to • $«157 o$ thiOb io moA looa Am 
0«4 A A» Aooixttlo oalBo* 


k^ 0m to oi^tod to o«dt Am ottwana^ioB of tte oo^oto »t 
ooviooo kmffmf mtAmr ^ mjrtag S^« or B. Bat art l^t oloo ooto 
oa a d«o. paiiit to Am hmm of It* tmoiot^ m «lWxatio& ia 
thi% aoms rttoratioa ia d«o* Mao rtirt io »et tooinMo* 9» that 
tMo too to to irao mky %|r oitorlag B^« PoMa Mo ao toro ora jpoflirt 
iOr oart of Am t^o art ttar WQr Am frta oort of Am ti»o 

to Am mmpmrnm mAkUimm. Amm^ W rt^wtiag Am pmAammAm 
loirto it ia foosiMo A mmAA Am oatpt of tho ooilifior* 



Xopil iapttaBOM lids mt %• «•#» to 

to poxltot]^ ia c«So» %io« moi^t Ito %fo of Itoi took ii 
px«vi4tMl toafto to ioAm iooB tloo milm of tko liipo(l«ooo» Wm. 

10 t tMMi oo3doo vodotMeMMi ^ot io preotioA to tii^ oBowgi aed to 
^xoooHt mof pmWm» Oot^nt lapotoBoo to aet ofltotot tf a foot 
took «t iOito t|rpo oat ta fMl tto oolaot 

• §,100 <1 - ) * ^ otao* 

oldili to ft ftottitlo vtlaft. 

7*l*5* iftpooteftlot lototiNn 

l) 1%o aafttfiftr oto aol op oat Hm t«e* potoattolo ot ootooii 
INdato mm ttodeot aat l^aait to to otttta o apooi o d aiagi of oalai^ 
l^ioftt ftlipot ifoa ooot top aoo o^ooolelp Itt to Ito MpHUoa oai 
9otoiiliaoi«ai ooao ofi^ntot aoftit 1M tto ftT liM 
««• tto ooao im ail Ho topo* 

i) to tavwndOft to a o oiol foo oeao of Hw tapo, too oott aapit* 
ftoxo ooao aood oat Itoai to ptoo Ho aioaooofiy ta o oo o l oB# fto tooiMiat 
offaot of oao otofo oa Ho oltoa ooo o t ja aowg to to oo#i«lldo* 

5) Hoti oooitliwi mo oomdoA o«t lOv oaao of Ito 

oatoftto of tNoo tof# taoait 

aaoltor oa^tftoa oaft amidt oto • ooilofmtoif oiitHoa %i tto laloio * 
Qftif oaao iHaoo ai loo t o a aio taft to to aiio iHHi tto uloatl o o i t o oo to 
pat' ft flftt ta# o hilo 'o^tta# t oo | pi i iNWi i 



Ciseoit tUfiui 9i Hm fbMl iiiiiifclyi 

1%* eijeinlt clmHi la fi^gumi 7«4* (a) 

4kMrffiellMi»% liMi fill*# stmmmlitm mI 

7*4'*2« 


HI. Wsm •■ fllfta wi OMli^ foa liN» auEiaai Itv* «m fWterlttrttft 

«ilii sce^paxljr «at iiM« pa^pxSaf petotai •taai^tiqr 

iSmk is mmmmesf' fegr ikmmw of iMiataKl oMlitot imati,, la adPi« 

$t «iq^ltfliti» tm mA mm im USsm «• mo aal to owoft too muf 

taoaoiotoco oa tbo oom oboot m it oo'f^i offlatont laat ilMlyo* 
tiffiOf tlw toMi iMdof o iMA I^MOil. loMlolor* iMMf 4 *^ifl«sa OM 



oot v» i i f B OOMi o o o«MMt If oMaiil oni fUtinr pOx* 
T*4*|» Aeoooooiiioo @i«At 


1) 4 fOlM ffMOaotM 
t) ©aiMio ^ ooal ll o o B B f o t^fo Wi 
"^to toltoiioo 4 Mflht 4*0* 



MS ISfBSTAL 0? 2o3viS 
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7»4*4« Md 

?la.tM ZH t<» tIZ iZZtistm^ iSm ^x§omumm 

»f iam nit«M oleMtZ gmmm^ filter Mt «rt te* 

ShAtegmpbs «f tea M^pfste ef ssaatrater aai llZter^ m 

0 «lte 4 « Baar OMiilamdpa tppa 555, rite aai ritemii mite. 

^ ptete ZEE tea wMtaiMd aiipal aad ite oarrMfoiidiBg filter 
telpiii «M iiwm, aaflaiittg tr» 1 »mwb af ite a<telllMai$a fte tea 
pwivaaa. Plate If, tea aattead al^ ia aliawi «iil«ia<« Zb 
teiia, rippla air tea tep teat ia alMtla, ia maaad tgr tea rlagtefter 
aaacteaat aP tea lailriiaal palMa, teite la ateiaaalp lalafete te 
tea ateraatar af tea 4alap liaaa tewnaalraa. ftetear, teila te* 
ea a lriw a fi wi af all tea 7 palMa i^i^Mra te te aaia v9 af tea rm 
aZ pdUwi tete tte a«w teaelate ateoa aapfiteda, tea iadlrUaal 
polaaat all af tear, da sat Bate tea aara aipfiteda* te Haat, tea 
ataxteaata af tea af palaMi, aza a Mgaaaate d fir te 




Plate T teavB, tea aattead filtar emteat. It ate 1* aated 
that tea xatia af pate ta aloltar, ia ifpzaziBatate a<pal te 4«5 aBi 
aanparaa rail rite tea teaaBttiaal ralaa ilifih ia 7, fir a 7 aaia 

Hararar, teat ia Btet lapartaat ia tea alf^ af teita Bfiaa 

iv\_ 

an tea aatpat af IS'* teia ia elaaxlar illBatrated fi Plata ff# fi im 
i^pairtaBt ta teaana, teat aiila aataiwi fi«Ml la aeaii^atelp I'i i ifB l 'i 
i» Btiaa tel ta ret it aU fitaata^i ^ aiafiakp teat ia tea pate, 
la ^aafip tiafila ate this is tea tefia tejaatira af atMaft filtateit 
ia ta filter sat teiaa ism tea alteiil aaan teiar rarat aaailteaiHi» 


55 


Mid ' f iwilitKto «f Hw clipMl* fiMi jMi mi 

Iw MMi ^ %• o%irl«tttt la IM0 mum* 

f3a%« wn atom fto amsiat 9£ palm za^alildiMi tsmimMp 

m w Mtifiii* 



fids ssxk lUM c ssto sA ^^sseiiAAa »f mvmml sifsets 

of astcfesd filior tilisoxgrt coMxstiM of inM^BAoxsaAm ooAm mA 
oo&stxoetioa of mdiiiod slgasl. fmwsKlOsr cod f lltoc pair. ftt<o 
code mn Iw oxtwiAod la csscssl si^s j0wr oancils • iolidlsd ctedy 
aogudia^ liio vcslottB sopoots -Ihct cm to te tidcta oaso of iMlo 
doaipilag filtoaa for ol gB c l s sadacioiaff lofplov ffldfis tm la 
*1»aiikiag* scla»» aagr W aada* Fasr^a» tnoMNdsim of loi^ 
loagtli oodoo* la a sitoaHoa i^oko W aaA fraon^s mm, mt tofo 
tho nao loag^ of oedo INo to murt^ xoaooiui aad its offaot mi 
vr o«%att soqitlzo o Boao datoilod atadjr* Bffaot of viBfMaiw* me 
**tMMt*' aoloa Ml W Ottlqofl a^ aopiaas twqr ootafid ooadioMt^UMi 
fOa cpaot oiplioatioac*. 

I^gaxdlat ooastxaoticsial aopootoi, mmey lapxosMiata aigr 
cadt ofoa llio oat aoaiioad la Uda vtidlc* 9me tbo 

didey iliMS that aao aso&« aao ^to haci^ aad oaabaamco-aad wp ta 
oMndtahlo la mmk mm» ifeozo otami lo oa aNtaoiad tho o^lipit 
ofaipMmt. llao» aopllfloin that aao endf aap W Ip 

latopndod dxocdi aod^o* Addi oxo aot aelp OMfctot tnt iilfli 
aacozo offleiccegr of oposetioa* 


sibftc code 

100 FORMAT (12) 

999 READI0O5N 

PRINT 250> N 
IF (N.EQ,98 ) STOP 

DIMENSION AC 100) ,R ( 100) ( loo ) 

INTEGER A,R,B 
N 1 = 1 
M = N-1 

-90 CALL CGEN(A,N1,N) 

DO 2o I=1,M 
K = N-I 
R(I)=0 
DO 2o J=1,K 
L = J+I 

-0 R ( I ) =R C I ) +A ( J ) -;^A ( L ) 

RKBAR=o 
DO 25 K=1,M 
XR-^R{K> 

25 rkBAR=RKBAR+XR 
XM=M'' 

RKBAR = RKBAR/XiM 
XMU=0 

DO 3o K=1,M 
XR=R{KX 

30 XMU = XMU+ ( XR-RKBAR ) *-*^2 

XMU=XMU/XM 
I F (N1 . EQ. 1 ) 60 TO 35 
IFCXMIN .LT. XMU) GO TO 39 
XM1M=XMU 
PRINT 150 j XML 
50 DO 55 K=1 ,M 
55 D(K)=A(K) 

34 IFCNI .NE. (-1) ) GO TO AO 
■ ' GO TO 41 

35 XMIN=XMU 

PRINT ISC', XMU 
150 FORMATClh' ,60X,F10.6) 

Nl = 2 

GO TO 5o 

200 FORMATC IHl ,/1 x,28HOPTIMUM CODE IS GIVEN BELOW. //) 
250 FORMAT (IH ,20X,14HCODE LENGTH = ,13//! 

DIMENSION PHI ( iQO) 

DIMENSION SClOO) 

X3=0 

DO 65 K=1,M 
L = N-K 
■JX=0 

DO 60 I = l>i< 

IL=I+L 

, '( = B( I )+B( ID 
IF( IX.EQ.O) IX=1 
IF( lABSC IX) ,EQ.2) IX=-1. 

60 JX=JX+IX 
X = K 

PHI ( K}=JX 



^ P i li p iVi ^ ^ ^ ^ 

6''^ S(K)=XS/X 

DATA NPLUS,MINUS/1H+,1H-/ 

■ DO 45 1=1, N 
IF(B{ I ) . EQ.l) A(I)=MPLUS 
IF(B{I) ,EQ. (-1)) A(I)=MINUS 
'^<•5 CONTINUE 

?00 FORMAT (IH ,30X,100A1) 

PRINT 300>(A{ L) ,L=1,N) 

350 FORMATdH ,19HC0RRESP0NDING MU = ,F8.4,lx) 
PRINT 35 0>XM'IN 

_500 FORMATdH , / /5x , ZOFlO . 5 ) 

30 TO 999 
END 

SIBFTC GENR 

subroutine CGEN(AjNl,N) 

DIMENSION AdOO) 

• integer a 

ir(Nl .nF. 1) GO TO 9 
IGEN--2^*(N/2 )-l 
ILT=IGEN-5^(2'J^*(N/2 + l ) ) 

15 IST0=I6EN+1 
DO 20 J=1»N 
IREM=I6EN/2 
IREM=IGEN-IREM*2 
IF(IREM.EQ.l) A(J)=+1 
IF { IREM.EQ.O) A(JJ*-1 . 

20 IGEN=IGEN/2 
RETURN 

9 J=ISTO 

10 JJ=J 
JM=J 
IC=0 

Id 3o K=1 ,N 
lC=IC+JM-JM/2*2 
JM=JM/2 
30 CONTINUE 

IF( IC ,E0. N/2 ) GO TO 35 
J = J+1 

IF(J .LE. ILT) GO TO 10 
35 IGEN=JJ 

IFdGEN .EQ. ILT) Nl=-1 

60 TO 15 

END 



mwmu B 


aad ei^aelt«iiM eonncetioiMi ^ 

>«. .f th. tnuUtml, .f th. MpUll«, ku t. !» <«. 

•xtsxBsUj, Mt lOiAM ftz* B 0 t iacifiiad ia Hhtt gain aetal* 
fsiataft i^soolla^r* fh» ^mkem af swatatmo* 1^ • 10 aal 
Hia 'valaa af tka a^petiaaM irariaa f!s«a 10 * 59 £bmb 
tf^ ta laf^* 

flw fxeoi^toea fa gat kha aat^ad filtar aolpiil la, 
%a aijavl gala faaetiasa (pataaklanetaza) al ganaxaiav 
fia fmaa aapaca'I^T' aaaii 'Btal tha aa^^t al ^a algBal 
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Bieaataiw, 20li 175# ^5* 19®* 
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